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® An injection port for injecting a sample, an accu- 
mulation portion for accumulating the injected sam- 
ple having a reagent carrier enclosed, a flow pas- 
sage portion, having a light receiving element at a 
measuring position located halfway thereof, for pass- 
ing a reaction fluid having reacted with the reagent 
in said accumulation portion therethrough, a micro- 
pump having a feed action of the sample fluid within 
said flow passage portion and which is a heat gen- 
erating element provided near a nozzle downstream 
of said measuring position of said flow passage 
portion are formed integrally and intensively as a 
cartridge by a producing method including a semi- 
conductor fabrication process. 


FIG. 1 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a technical 
field for measuring components in a sample by 
using antigen-antibody reaction or hybridization of 
nucleic acid, or for measuring fine objects such as 
cells, micro-organisms or chromosomes. 

Related Background Art 


Recent advancements in the technology for 
detection of minor components have played a great 
role for early diagnosis of various diseases or prog- 
nostic diagnosis in the field of clinical examina- 
tions. Since 1958, when a method of determining 
insulin with labeling of radioactive iodine was publi- 
cized by S.A. Berson, it has been possible to 
measure plasma protein such as IgE, IgG, CRP or 
micro-globulin, tumor marker such as AFP, CEA or 
CA19-9, hormones such as TSH or T 3 . blood 
drugs, virus such as HBV or HIV and its sample, 
nucleic acid such as DNA or RNA. and it has been 
possible to perform many sample processings by 
automatization. 

For most of these biological minor compo- 
nents, an immunological method using antigen-anti- 
body reaction or a method using nucleic acid - 
nucleic acid hybridization has been employed. Ex- 
ample of such analytical methods is that the 
antigen-antibody reaction or nucleic acid hybridiza- 
tion with the sample is carried out by fixing anti- 
gen, antibody or single chain nucleic acid bonding 
specifically with the sample as a probe onto solid 
phase surfaces such as particles, beads or walls in 
accumulation portion. And antigen-antibody com- 
pound or double chain nucleic acid is detected to 
determine the sample, using a labeled substance 
having specific interaction carrying a labeling sub- 
stance with high detection sensitivity such as en- 
zyme, fluorescent material or luminescent material, 
for example, labeled antigen, labeled antibody or 
labeled nucleic acid. 

Fig. 20 is a view showing an example of a 
conventional apparatus for making the above-men- 
tioned measurement. An insoluble carrier 202 hav- 
ing a reagent fixed on the surface thereof is con- 
tained in a reaction bath 201, to accumulate a 
sample fluid therein, causing the reaction and mak- 
ing a reaction fluid 203. The reaction fluid 203 is 
passed through a fluid feed pipe 204 and a valve 
205 to be once stored in a syringe-type pump 206. 
Next, the valve 205 is switched to feed the stored 
reaction fluid to an optical cell 207 which is in a 
measurement location. The optical cell 207 is illu- 
minated from a light source 208, and the light 
passing through the reaction fluid is detected by a 


light receiving element 209, whereby the colorime- 
try for the coloration reaction or fluorometry in the 
reaction fluid is carried out. The reaction fluid after 
the measurement is discharged as a waste fluid. 
5 On the other hand, an apparatus in which a 

number of fine particles such as cell particles or 
chromosomes contained in a particle suspended 
fluid such as a blood sample are separated one by 
one to flow away and individual particle is mea- 

io sured with an optical or electrical method, has 
been put to practical use as a flow cytometer or 
particle counter. 

Fig. 21 is a view showing an example of a 
conventional flow cytometer. A sample fluid which 

is is a particle suspended fluid, is contained in a test 
tube 220, while a sheath fluid composed of PH 
buffer and physiological salt fluid is contained in a 
sheath bottle 223. Each fluid is once stored in a 
syringe-type pump 222, 225, and each valve 221, 

20 224 is switched to feed the fluid by applying a 
pressure to the stored fluid. The sample fuild is 
supplied to a sample nozzle 226, and the sheath 
fluid is supplied to the surroundings 227 around the 
sample nozzle 227. Owing to a sheath flow princi- 

25 pie, the sample fluid is converged hydrodynamical- 
ly while being surrounded by the sheath fluid, and 
particle in the sample fluid is separated one by one 
to flow through a flow portion 228. Light is directed 
to the flow to particles from a light source 229 to 

30 measure the fluorescent or scattered light emitted 
from particles illuminated by light receiving ele- 
ments 230, 231. A number of particles are sequen- 
tially measured, and the analysis for the kind or 
property of particles is made using a statistical 

35 method on the basis of the output from the ele- 
ments. It is necessary to flush a fluid feed pas- 
sages with a cleaning fluid every time one sample 
is measured, and a cleaning mechanism (not 
shown) is provided therefor. 

40 

SUMMARY OF THE INVENTION 

The conventional apparatus as above de- 
scribed, however, inevitably contains a dead space 

45 of the flow passage owing to long fluid feed pas- 
sages or a pressure pump, thus necessitates use- 
less sample fluid. Along with the use of a large 
quantity of sample fluid, the amount of waste fluid 
will increase undesirably in the respect of envi- 

50 ronmentat problems such as biohazard. 

Also, in the conventional apparatus as above 
described, the sample fluid is supplied to a mea- 
suring unit by applying a pressure to each fluid, for 
this reason a pressure mechanism such as piping 

55 and pump is needed, so that the apparatus be- 
comes large and complex to control. Also, there is 
a limitation in reducing the size of apparatus. Fur- 
thermore, there is a certain time lag for forming a 
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flow in the measuring unit or stopping the flow, so 
that the control responsibility is poor. 

In the light of the above-mentioned problems, 
the present invention has the following objects: 

(1) To provide a smaller-sized and intensified 
measuring device for accomplishing a less re- 
quired amount of sample by making the dead 
space of the flow passage for a liquid sample as 
small as possible. 

(2) To provide a measuring device capable of 
performing the measurement without damages 
on the sample and coping with environmental 
problems such as biohazard countermeasure. 

(3) To provide a measuring device having a 
stable performance at a lower cost. 

Further objects of the present invention will be 
apparent from the following description of the em- 
bodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a side view showing a constitution of a 
cartridge according to an embodiment. 

Fig. 2 is a top view of a second substrate and 
a first substrate constituting the cartridge, respec- 
tively. 

Fig. 3 is an assembling view of the cartridge. 

Fig. 4 is a view showing a first variation of the 
embodiment. 

Fig. 5 is a view showing a second variation of 
the embodiment. 

Fig. 6 is a view showing a third variation of the 
embodiment. 

Figs. 7A to 7E are views for explaining the 
action of a micro-pump. 

Fig. 8 is a view showing a structure of a heat 
generating element for the micro-pump. 

Fig. 9 is a view showing a structure of an 
optical detecting portion. 

Fig. 10 is a view showing the whole of a 
measuring system according to an embodiment. 

Fig. 1 1 is a side view showing a constitution of 
a cartridge according to a second embodiment. 

Fig. 12 is a top view in a second embodiment. 

Fig. 13 is a side view of a variation of the 
second embodiment. 

Fig. 14 is a top view of a variation of the 
second embodiment. 

Fig. 15 is a view showing the whole of a 
measuring system according to the second em- 
bodiment. 

Fig. 16 is a view showing a constitution of a 
measuring system according to a third embodi- 
ment. 

Figs. 17A and 17B are views for explaining the 
features or the system as shown in Fig. 16. 

Fig. 18 is a view showing a constitution of a 
variation of the system as shown in Fig. 16. 


Fig. 19 is a view showing a system constitution 
of a further variation. 

Fig. 20 is a constitutional view of a conven- 
tional apparatus, 
s Fig. 21 is a constitutional view ol another con- 

ventional apparatus. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

10 

A cartridge, according to a first embodiment of 
the present invention, will be described below in 
which a sample is reacted with a reagent to obtain 
a reaction fluid, by repeating the cleaning and 

75 reaction as necessary, and the reaction fluid is 
optically measured for measurement of the sample. 
Fig. 1 is a side view showing a structure of the 
cartridge according to the first embodiment, Fig. 2 
is a top view from above of a first substrate and a 

20 second substrate, and Fig. 3 is an assembling view 
of the cartridge. 

The cartridge of this embodiment has a con- 
stitution in which the first substrate 1, the second 
substrate 2 and a third substrate 3 are bonded, 

25 wherein the first substrate 1 is a silicone substrate, 
and the second substrate 2 and the third substrate 
3 are glass substrates. A space for an accumula- 
tion portion 4 that is a reaction bath is formed 
within the cartridge by the bonding of the sub- 

30 strates. The third substrate 3 is provided with an 
injection port 5 which is a hole for injecting the 
liquid such as a sample fluid, thus it is possible to 
inject the sample fluid from the outside into the 
accumulation portion 4. A spherical insoluble car- 

35 rier 6 having a reagent fixed on the surface thereof 
is enclosed within the accumulation portion 4. The 
insoluble carrier 6 is composed of a ceramic such 
as glass, a plastic made of high molecular com- 
pounds, a metal such as magnetic substance, or a 

40 composite material thereof, and has been sub- 
jected to surface treatment with covalent bond 
group introduced so as to facilitate the fixing of 
reagent. The insoluble carrier 6 is not limited to a 
spherical shape, but may take other shapes such 

45 as polyhedron, and exist in plural number but not 
one. Alternatively, the reagent may be directly fixed 
to an inner wall of the accumulation portion 4 
without the use of the insoluble carrier. The reagent 
will be described in detail later. 

so The accumulation portion 4 is connected with a 

flow passage portion 7, which has a nozzle opening 
8 as outlet port in an end portion thereof. The 
nozzle opening 8 has a tapered shape so as to 
have a line resistance action. A micro-pump 9 is 

55 formed near the nozzle opening 8, on the first 
substrate 1. The micro-pump 9 specifically has a 
structure in which a heat generating element is 
attached to the flow passage portion 7 by a manu- 
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facturing method as will be described later. When a 
pulse voltage is applied to the heat generating 
element, a sample fluid heated by heat generating 
will instantaneously evaporate, thereby producing a 
bubble, and the sample fluid is discharged as a 
droplet through the nozzle opening due to a pres- 
sure caused by impact of the bubble expanding or 
shrinking, so that a minute amount of the sample 
fluid is delivered through the flow passage portion. 
And the sample fluid in relation to an amount of the 
discharged fluid is drawn from the accumulation 
portion 4 in a direction toward the nozzle opening 
in the flow passage portion and supplied thereto. 
By repeating the discharge at high frequencies 
continuously, the liquid feeding action of the sam- 
ple fluid can be obtained, thus it is possible to form 
a fluid flow within the flow passage portion 6. 

Figs. 7A to 7E are views for specifically ex- 
plaining how a bubble is generated and a liquid 
droplet is discharged. In an initial state as shown in 
Fig. 7A, when a pulse voltage is instantaneously 
applied to the heat generating element and then 
the element is heated, water content near the heat 
generating element evaporate, and a bubble is 
generated as shown in Fig. 7B. Thus, the volume 
thereof expands in relation to an amount of the 
evaporation, so that the liquid near the nozzle 
opening is extruded out of the nozzle opening as 
shown in Fig. 7C. The bubble initially expanding is 
cooled and starts to shrink as shown in Fig. 7D, so 
that the liquid discharged through the opening due 
to contraction of the volume becomes a liquid 
droplet to fly in the air as shown in Fig. 7E. The 
liquid is supplied by an amount of the discharged 
fluid due to capillary phenomenon, and returns to 
the initial state of Fig. 7A. The basic principle of 
discharging liquid droplets with bubbles has been 
described in U.S. Patents No. 4,723,129 and No. 
4,740 f 796. 

The micro-pump may take another form in 
which a piezoelectric element is used instead of 
the heat generating element, whereby a pulsed 
voltage is applied to the piezoelectric element, and 
a liquid droplet is discharged due to a pressure 
caused by impact of change in volume of the 
piezoelectric element. 

On the surface of the first substrate 1, there 
are provided the above-mentioned micro-pump and 
a sensitive element for measuring the sample fluid. 
Specifically, in order to optically detect the state of 
sample fluid, a first photodetector element 10, a 
first optical filter 11 having wavelength selection 
characteristic, a second photodetector element 12, 
and a second optical filter 13 are formed on the 
substrate by a manufacturing method as will be 
described later. These members constitute an op- 
tical detecting portion for selectively receiving first 
and second lights arriving via the sample fluid. 


While this embodiment is directed to an example 
of optically measuring the sample fluid, it should 
be noted that the sample fluid may be measured 
by an electrical or magnetic method, for example. 

5 Furthermore, it may be measured in a composite 
form thereof. In this case, like the optical detecting 
portion of Fig. 1, it is necessary that a sensitive 
element (e.g., electrode, magnetic detector ele- 
ment) suitable for respective measurement be bon- 

io ded on the substrate. 

As shown in Fig. 2, a heat generating element 
9 and first and second photodetector elements 10, 
12 for the micro-pump arc bonded on the first 
substrate 1. Those elements are connected with 

75 electrical conductive patterns 18, 19, 20, which are 
patterned on the surface of the first substrate 1 , as 
illustrated. When the first substrate 1 and the sec- 
ond substrate 2 are bonded, end portions of the 
conductive patterns 18, 19, 20 are exposed to the 

20 exterior so as to contact and electrically conduct 
with external terminals. 

The above members are integrally assembled 
to make up a cartridge. The manufacturing method 
of cartridge will be described later. On the other 

25 hand, in order to examine the degree of coloration 
for the sample fluid or generate the fluorescent or 
scattered light from the sample fluid by directing 
the illuminating light that is a measurement energy 
to the sample fluid within the flow passage portion 

so 7, a light illuminating portion composed of light 
sources 14, 16 and condenser lenses 15, 17 is 
provided apart from the cartridge, as shown in Fig. 
1. The light sources 14, 16 are exemplified suitably 
by a semiconductor laser, LED, a halogen lamp, a 

35 tungsten lamp, or a mercury lamp. In the case that 
the light emitting from a sample itself such as 
chemiluminescence or bioluminescence is detected 
for the measurement, there is no need for light 
illumination and thus the provision of any light 

40 illuminating portion. 

In this embodiment, a micro-pump provided 
near the outlet port downstream of a measurement 
position can offer a great superiority peculiar to the 
sample measurement as described in the following. 

45 If the micro-pump is provided at upstream of 

the measurement position, there is a fear that a 
pressure variation or heat produced by the pump 
action has an adverse effect such as degeneration 
or damage on the sample fluid or cell particles 

so near the pump and it is measured. On the contrary, 
the micro-pump is provided on the downstream 
side, whereby adverse effect on the sample before 
measurement can be prevented. In addition, a 
waste liquid after measurement is subjected to 

55 pressure or heat on the downstream position, 
therefore, the disinfection or sterilization action for 
the waste liquid can be obtained so as to meet a 
biohazard countermeasure. 
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Also, since a micro-pump is provided near the 
outlet port to draw the liquid in relation to the 
amount of discharge through the nozzle and to 
create a flow in the flow passage portion, a stable 
fluid system can be obtained with a high control 
responsibility for the control of fluid. Further, there 
is less dead space for the fluid system, so that the 
use amount of sample is only a little. 

Several variations of the above-described car- 
tridge will be described below. Fig. 4 shows an 
example in which condenser lenses 21, 22 are 
integrally formed on an upper face of the substrate. 
The condenser lens is exemplified by a spherical 
lens, a Fresnel lens, or a zone plate. Fig. 5 shows 
an example in which the illuminating light is intro- 
duced using optical fibers 23, 24, and has advan- 
tage that there is no need of making an optical axis 
alignment between the light source and the car- 
tridge. Fig. 6 illustrates further development from 
the above-described example, and shows an exam- 
ple of cartridge in which measuring modules each 
consisting of an accumulation portion, a flow pas- 
sage portion and elements are arranged in parallel 
on one sheet of the substrate at a high density to 
make an array thereof. 

Next, the manufacturing method of the car- 
tridge will be described in detail. Since the car- 
tridge of the embodiment can be readily produced 
by the micromechanics technique including a semi- 
conductor producing process, it is suitable for the 
mass production with batch processing. Also, the 
array formation as shown in Fig. 6 is easily made. 
The manufacturing process is mainly composed of 
the following four processes. 

Process 1 A bore serving as the accumulation 
portion 4 is provided on a glass substrate which is 
the second substrate 2, further a groove serving as 
the flow passage portion 7 is formed. The method 
of forming the groove on the glass substrate is to 
remove the substrate partially by sensitizing a light 
sensitive glass by photolithography, or by etching 
the glass to a desired depth with hydrofluoric acid. 
Another method is to apply a resist on a glass 
substrate or a silicone substrate, for example, and 
make a development by photolitho process to be 
then solidified, thus a resist removal portion may 
be used as the groove. Also, the groove can be 
formed by anodic bonding a silicone substrate hav- 
ing the patterns of the accumulation portion and 
the flow passage portion formed by etching, onto a 
glass substrate. 

While the glass substrate is processed to form 
the groove in this embodiment, it will be appre- 
ciated that the groove may be formed on the 
second substrate by molding with the mold produc- 
ing method using a transparent resin material. 

Process 2 A heat generating element of the 
micro-pump is bonded onto a silicone substrate 


which is the first substrate 1. Fig. 8 shows a 
detailed constitution of the heat generating element 
for the micro-pump which is formed on the silicone 
substrate. This manufacturing process is as follows: 

5 After a silicone oxide film is formed on a silicone 
substrate 31, HfB 2 layer 32 and Al layer 33 are 
laminated, and formed as a heat generating portion 
and an electrode portion, respectively, using 
photolitho process. Further, Si0 2 as an insulating 

10 layer 34 and Ta as a protective layer 35 are 
sequentially laminated on a portion excluding a 
wire bonding portion of the electrode portion, there- 
after, only Ta is patterned like a stripe on the 
periphery around the heat generating portion by 

15 the photolitho process. And a resin layer 36 is 
patterned on the Si0 2 layer not covered by Ta so 
as to isolate the electrode away from the sample 
liquid, thus the heat generating element serving as 
a pump portion is produced. 

20 Process 3 Two optical detecting portions are 

bonded onto the silicone substrate serving as the 
first substrate 1. Fig. 9 shows a detailed constitu- 
tion of the optical detecting portion formed on the 
silicone substrate. The manufacturing process of 

25 this optical detecting portion is as follows: Cr film 
42 is formed 0.1 urn thick on a glass substrate 41 
by resistance heating. The substrate is heated to 
350 *C, and SiN:H layer 43 is formed 0.3 um thick 
in a mixed gas of SiH 4 and NH* (10CCM:20CCM) 

30 by plasma CCD. In the same vacuum, the susb- 
trate is heated to 200 °C, and a-Si:H layer 44 is 
formed 0.6 pm thick in an SHU gas by plasma 
CVD. By adding PH 3 gas to SiH 4 gas, n + -a-Si:H 
layer 45 is formed in a thickness of 0.2 pm. Al 

35 layer is formed in a thickness of 0.1 pm by elec- 
tron beam vapor deposition. The Al layer is pat- 
terned in the photolitho process to form an elec- 
trode 46. An opening portion is provided in the n + - 
a-Si:H layer 45 in CF 4 gas by RIE (reactive ion 

40 etching) process. After an optical filter 47 is formed 
in this opening portion by the application with spin 
coating, resist is peeled off, whereby the optical 
detecting portion is produced. The wavelength se- 
lection characteristic of the optical filter is selected 

45 in accordance with the luminescent wavelength or 
fluorescent wavelength for an object to be mea- 
sured. 

The Cr layer may be used as a light shielding 
portion on the back face. The Cr layer can be also 

50 used as a gate electrode to detect the optimal 
current value as a field-effect type sensor. While a- 
Si light receiving element is exemplified in this 
embodiment, other elements such as pn 
photodiode, pin photodiode, Schottky photodiode 

55 or CCD may be used. 

Process 4 As shown in Fig. 3, three substrates 
of the first substrate 1 which is the silicone sub- 
strate, the second substrate 2 which is the glass 
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substrate, and the third substrate 3 provided with a 
hole for the injection port are bonded together. At 
this time, an insoluble carrier 6 having a reagent 
fixed on the surface thereof is enclosed into the 
accumulation portion 4. The method of bonding 
substrates is exemplified by pasting with an adhe- 
sive or anodic bonding. For example, the anodic 
bonding with a CO2 laser is possible at lower 
bonding temperature, whereby adverse effects of 
the heat on the substrate can be suppressed. 

Next, a reagent for use in this embodiment will 
be described below. The reagent is fixed to the 
surface of the insoluble carrier enclosed into the 
accumulation portion, or directly fixed to an inner 
wall surface of the accumulation portion. The 
reagent for use in this embodiment contains at 
least a biological material. The selection of the 
biological material depends on a material to be 
analyzed or a sample. That is, the biological ma- 
terial is selected from ones indicating a biological 
specificity to the sample, thereby making it possi- 
ble to perform the specific detection. 

The biological material referred to herein in- 
cludes peptide, protein, enzyme, saccharides, lec- 
tin, virus, bacteria, nucleic acid such as DNA or 
RNA, and antibody, natural or synthetic. Particu- 
larly effective material in clinical sense among 
them isexemplified in the following materials: plas- 
ma protein such as immunoglobulin, e.g., IgG or 
IgE, complement, CRP, ferritin, a^ or £2 micro- 
globulin, and an antibody thereof, tumor marker 
such as a-fetoprotein, carcinoembryonic antigen 
(CEA), CA19-9 and CA-125, and an antibody there- 
of, hormones such as luteinizing hormone, follicle- 
stimulating hormone (FSH), human chorionic 
gonadotropin (hCG), estrogen and insulin, and an 
antibody thereof, virus infection relevant substance 
such as viral hepatitis (relevant) antigen, HIV, ATL 
and an antibody thereof, bacteria such as diphthe- 
ria bacillus, botulinus bacillus, mycoplasma or 
Treponema pallidum, and an antibody thereof, 
Protozoas such as Toxoplasma, Trichomonas, 
Leishmania, Trypanosoma or Malaria, and an anti- 
body thereof, drugs such as antiepileptics, e.g., 
phenytoin or phenobarbital, antiarrhythmic drugs 
such as quinidine. cardiovascular agents such as 
digoxin, vasodilators such as theophylline, antibiot- 
ics such as chloramphenicol or gentamycin, and an 
antibody thereof, enzymes, exotorin (e.g., strep- 
tolysin O) and an antibody thereof.' The material 
causing the antigen-antibody reaction with a sub- 
stance to be detected in the sample is appro- 
priately selected depending on the kind of the 
substance to be detected. 

When the nucleic acid hybridization is used 
instead of the antigen-antibody reaction, a nucleic 
acid probe having a base sequence complemen- 
tary to that for a nucleic acid to be examined is 


used. 

Fig. 10 is, a view showing a construction of an 
entire system for measurement with the above- 
mentioned cartridge mounted thereon. The car- 

5 tridge 100 is mounted in a cartridge holder 101. 
While a single cartridge is only shown in the figure, 
a plurality of same cartridges may be arranged in 
parallel, or a cartridge having measuring modules 
arranged as an array as shown in Fig. 6 may be 

to used to measure a plurality of samples simulta- 
neously or sequentially. 

A rack 103 has a plurality of sample vessels 
104 arranged therein, in which a plurality of sample 
liquids are contained. A dispenser apparatus 102 

15 supplies a sample fluid within each sample vessel 
104 to the cartridge 100 in sequence, using a pipet 
105. 

On the other hand, a cleaning liquid vessel 106 
contains a cleaning liquid for the B/F separation, 

20 while a reagent liquid vessel 107 contains a reac- 
tion reagent liquid. A flow passage from each ves- 
sel is connected to a valve 108 by which the flow 
passages are switched to select either of them. A 
selected liquid is supplied via a tube 109 to the 

25 cartridge 100. The pipet 105 and the tube 109 of 
the dispenser apparatus 102 are both connectable 
to an injection port of the cartridge 100. so that a 
desired liquid can be supplied to the cartridge. 

An agitator 110 mounted on the cassette holder 

30 101 has the action of agitating the sample fluid and 
the reagent within the accumulation portion of the 
cartridge 100 mounted therein, thereby facilitating 
the reaction. The agitation is performed by moving 
remotely a magnetic carrier with reagent using a 

35 magnet, or vibrating ultrasonically the sample fluid, 
for example. 

In order to improve the accuracy of measured 
data, it is necessary to control precisely the tem- 
perature in the accumulation portion within the car- 

40 tridge, for this reason the whole of cartridge is held 
within a thermostatic box (not shown). Also, ther- 
mostatic means should be provided for retaining 
the cleaning liquid, the reaction reagent, and the 
sample at constant temperatures, as necessary. 

45 An electrode is provided within the cartridge 

holder 101, and is connected to exposed electrical 
conductive pattern of the cartridge 1 00 upon 
mounting of the cartridge. This electrode is elec- 
trically connected to a driving/detecting circuit 111. 

sa The circuit 111 performs the driving of light sour- 
ces 14, 16 for the measurement, the driving of the 
agitator 110, the driving of the dispenser apparatus 
102, the driving of the valve 108, the driving of the 
micropump within the cartridge and the detecting 

55 of outputs from two optical detecting elements 
within the cartridge. A computer 112 performs the 
control for the entire system and the measurement 
of the sample based on a detected result. Using 
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the antigen-antibody reaction or nucleic acid hy- 
bridization reaction, the coloration reaction, or the 
fluorescent or scattered light, is detected and data- 
processed by a well known method such as rate 
assay or end point. Also, a comparison with pre- 
pared analytical curve data is performed. This ana- 
lytical result is output to a display or printer asso- 
ciated with the computer 156. 

Upon measurement by driving the micro-pump, 
a waste liquid is discharged through the nozzle of 
the cartridge 100, but the waste liquid is received 
within a waste liquid vessel 113 and is stored 
therein. In this embodiment, owing to a heat gen- 
erating element used as the micro-pump, the waste 
liquid discharged due to heating or pressure action 
of bubbles produced is disinfected or sterilized. It 
is further preferable that the waste liquid is sub- 
jected to sterilization action with the waste liquid 
vessel 113, using means such as heating, ultra- 
violet ray or drug. 

In this way, this system uses a disposable 
cartridge 100 which is exchanged for each mea- 
surement of one sample, thus it can be simplified, 
resulting in a small-sized, lower cost sample mea- 
suring system. Owing to disposability, the micro- 
pump or sensitive element is not required to have a 
great durability, and the cartridge can be supplied 
at lower cost. 

In the following, an example of measurement 
with the above measuring system will be described 
with steps of detecting a specific DNA in sample. 

Step 1 A cartridge is prepared in which a 
single chain DNA probe for specifically making a 
hybridization reaction with a specific DNA (single 
chain) as an object is fixed as an reagent in the 
accumulation portion. When the cartridge is moun- 
ted onto a cartridge holder of the measuring sys- 
tem, the sample fluid containing many DNAs or- 
ganized to be single chain by pretreatment is in- 
jected automatically into the accumulation portion 
of the cartridge by the pipet of the dispenser 
apparatus. 

Step 2 The sample fluid in the accumulation 
portion of cartridge is agitated by agitating means 
provided in the measuring system to facilitate the 
reaction. If a single chain DNA of the object exists 
in the sample fluid, hybridization reaction with the 
DNA probe fixed in the accumulation portion is 
specifically caused to create a double chain DNA. 

Step 3 In order to remove the single chain 
DNA having not undergone the hybridization reac- 
tion, B/F separation is performed by injection and 
discharge of the cleaning liquid. 

Step 4 An enzyme labeling probe is injected 
into the accumulation portion for enzyme-labeling 
specifically the double chain DNA produced in the 
hybridization reaction. 


Step 5 B/F separation is performed again by 
the cleaning to clean away the excess enzyme 
labeling probe. 

Step 6 A reagent liquid containing a substrate 
5 indicating the coloration reaction or the fluores- 
cence or chemi luminescence by reacting with the 
enzyme label is injected into the accumulation por- 
tion and reacted. 

Step 7 A reaction fluid of the step 6 is flowed 
io to the flow passage portion by activating the micro- 
pump of the cartridge. The light emitted in the 
coloration reaction or the fluorescence or 
chemiluminescence is detected by a light receiving 
element, so that DNA of the object can be deter- 
75 mined from the quantity of the detected light. Also, 
more accurate determination is allowed by measur- 
ing the quantity of the detected light over time with 
the rate assay method. 

The sample measuring cartridge and system 
20 as above described can provide the following ad- 
vantages: 

(1) Owing to a micro-pump provided at the 
downstream of the measuring position, it is pos- 
sible to make measurement without degenerat- 

25 ing or damaging the sample fluid, and offer the 
disinfection or sterilization action by applying a 
varied pressure or heat to waste liquid after 
measurement. 

(2) A stable fluid system is obtained, and its 
30 control responsibility for the control of fluid is 

high. Further, there is almost no dead space, 
resulting in less amount of sample fluid to be 
used. 

(3) The waste liquid is less produced, and has 
35 been disinfected or sterilized, which is prefer- 
able from the viewpoint of coping with envi- 
ronmental problems such as a biohazard coun- 
termeasure. 

(4) The batch production is allowed by using a 
40 semiconductor producing process, so that it is 

possible to manufacture stable-quality and in- 
expensive cartridges in mass production. 

(5) Because of the light receiving element in- 
tegrated, the adjustment for the alignment of the 

45 optical system is unnecessary. 

(6) A cartridge in which sample measuring func- 
tions are collected intensively, can be supplied 
with low cost, the cartridge is exchanged for 
each measurement of one sample, and the con- 
so stitution of the fluid system is simplified, so that 

the whole of a measuring system is very com- 
pact and highly reliable. 

(Second Embodiment) 

55 

Another embodiment of the present invention 
will be described below by exemplifying a cartridge 
for the particle measurement in which a sheath flow 
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is created within the flow passage portion by the 
sample fluid and the sheath fluid, and individual 
particles in the sample (e.g., blood cells or chro- 
mosomes) are sequentially measured. Fig. 11 is a 
side view showing the structure of the cartridge 
and Fig. 12 is a top view from above thereof. 

The cartridge of this embodiment is also pro- 
duced by the micromechanics technology including 
a semiconductor manufacturing process, like in the 
previous embodiment. The cartridge has a first 
substrate 51 and a second substrate 52 bonded 
together, the first substrate 51 being a silicone 
substrate and the second substrate 52 being a 
glass substrate. On the upper face of the second 
substrate 52 is formed a sample receiving portion 

53 for receiving the sample fluid containing sus- 
pended particles to be measured. A sample tube 

54 is connected to the portion 53. A top end of the 
sample tube 54 projects into the flow passage 
portion 56. Also, a sheath fluid supply port 55 for 
supplying a sheath fluid such as isotonic sodium 
chloride fluid or distilled water is provided and 
connected to the flow passage portion 56. A nozzle 
opening 57 is provided, in an outlet port at the top 
end of the flow passage portion 56. The nozzle 
opening 57 provides a line resistance action due to 
its tapered shape. A micro-pump 58 on the first 
substrate 51 is formed near the nozzle opening 57. 
The micro-pump 58 has the constitution of attach- 
ing a heat generating element (or piezoelectric 
element) to the flow passage portion by the same 
manufacturing method as in the previous embodi- 
ment, and provides a feed action for the sample 
fluid by repeating the discharge continuously at a 
high frequency. Further, the disinfection or steriliza- 
tion action for the sample fluid which has been 
already measured, can be provided owing to heat- 
ing and pressure of the sample fluid generated by 
the heat generating element of the micro-pump, 
which is preferable from the viewpoint of biohazard 
counter-measure. 

With this liquid feed action, a fluid flow is 
formed in the flow passage portion 56, wherein the 
sample fluid is surrounded in the sheath in accor- 
dance with the sheath flow principle to become a 
slender flow, so that particles in the sample fluid 
are passed sequentially one by one within the flow 
passage portion. 

On the surface of the first substrate 51, there 
are provided the micro-pump 58 and a sensitive 
element for measuring particles in the sample fluid. 
Specifically, in order to measure the particle opti- 
cally, a first photodetector element 59, a first op- 
tical filter 60 having the wavelength selection char- 
acteristic, a second photodetector element 61, and 
a second optical filter 62 are formed thereon by the 
same manufacturing method as in the above em- 
bodiment, whereby the fluorescent or scattered 


light emitted from the particle can be detected. It is 
preferable that the photodetector element is pro- 
vided with an optical stopper for shielding the di- 
rect light incident from a light source. Further, to 

5 measure particles electrically, two electrodes 63, 
64 are formed on the substrate so as to measure 
the electrical impedance therebetween. The mea- 
sured value of electrical impedance is mainly in- 
volved in the volume information of particle. The 

io above-mentioned members constitute a measuring 
portion for measurement of particles in the sample 
fluid. In this embodiment the measurement of par- 
ticles is performed either optically or electrically, 
but is not limited thereto, and may be performed 

15 magnetically, for example. 

As shown in Fig. 12, a heat generating element 
58 for the micro-pump, first and second 
photodetector elements 59, 61, and electrodes 63, 
64 are bonded on the first substrate 51, and are 

20 connected with each electrical conductive pattern, 
like in the previous embodiment. End portions 74 
of the conductive patterns are exposed outward so 
as to contact and electrically conduct with external 
terminals. 

25 The above-mentioned members are integrally 

assembled to make up a cartridge. On the other 
hand, in order to direct the illuminating light which 
is a measuring energy to a particle flowing within 
the flow passage portion, light sources 65, 67 are 

30 provided apart from the cartridge, as shown in Fig. 
11. The light sources 14, 16 emit the light having a 
wavelength suitable for fluorescence excitation, and 
suitably a semiconductor laser, for example, can be 
used therefor. Lens portions 66, 68 for converging 

35 the light flux from the light source are formed 
integrally on an upper face of the second substrate. 
The light illuminating portion is not limited to this 
form, but various variations can be conceived as in 
the previous embodiment. The array formation of 

40 measuring module can be also easily made as 
shown in Fig. 6. 

Figs. 13 and 14 are a side view and a top view 
of a variation of the cartridge, respectively. In this 
embodiment, the sheath fluid as well as the sample 

45 fluid are supplied from outside, in which one end 
portion of a sample tube 70 is exposed outward of 
the cartridge, and connected to a sample supply 
mechanism externally provided. On both sides of 
two optical detecting portions, there are embedded 

so optical fibers 70, 71, 72, 73 for receiving the light 
such as fluorescent or scattered light diverging 
sideway by the light illumination to a particle, which 
are led to detector elements (not shown) such as 
photomultiplier. A nozzle opening 57 is formed as a 

55 hole on the upper face of the substrate so as to 
discharge liquid droplets upward. Other constitu- 
tions are the same as in the above embodiment. 
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Fig. 15 is a view showing a construction of an 
entire system for measurement with the cartridge 
mounted thereon. The cartridge 100 as previously 
described is mounted in a cartridge holder 101. 
While a single cartridge is only shown in the (igure, 
a plurality of same cartridges may be arranged in 
parallel or a cartridge arranged as an array as 
shown in Fig. 6 may be used to measure a plurality 
of samples simultaneously or sequentially. 

A rack 103 contains a plurality of sample ves- 
sels 104 arranged therein, in which a plurality of 
sample fluids subjected to prctrcatmcnt {e.g., pu- 
rification treatment or reaction with a reagent) are 
contained. A dispenser apparatus 102 supplies a 
sample fluid within each sample vessel 104 to the 
cartridge 100 in sequence, using a pipet 105. 

On the other hand, a sheath fluid vessel 114 
containing a sheath fluid such as PH buffer 
fluid/isotonic sodium chloride fluid or distilled water 
has a tube 109 connected via a regulator 115 for 
controlling the flow. A top end portion of the tube 
109 is connected to a sheath fluid supply port of 
the cartridge 100 mounted on a holder 101. The 
regulator 1 1 5 is adjusted to control the sheath flow 
state. 

The cartridge holder 101 is provided with an 
electorde, which is connected to an exposed elec- 
trical conductive pattern of the cartridge 100 upon 
mounting the cartridge. This electrode is electri- 
cally connected to a driving/detecting circuit 111, 
which performs the driving of light sources 65, 67, 
the driving of the dispenser apparatus 102, the 
driving of the regulator 115, the driving of the 
micro-pump within the cartridge, the detection of 
outputs from two optical detecting elements within 
the cartridge, and the detection of electrical imped- 
ance between two electrodes. A computer 112 per- 
forms the control for the entire system and the 
analysis of particles based on a detected result. A 
number of detected data can be obtained from the 
measurements of individual particles. Various ana- 
lytical methods for particles using the data are well 
known including a statistical method such as histo- 
gram or cytogram. This analytical result is output to 
a display or printer associated with the computer 
112. 

Upon measurement by driving the micro-pump, 
a waste liquid is discharged through the nozzle of 
the cartridge 100, but is received within a waste 
liquid vessel 113 and is stored therein. In this 
embodiment, owing to a heat generating element 
used as the micropump, the waste liquid dis- 
charged due to heating or pressure action of a 
bubble produced is disinfected or sterilized. It is 
further preferable that the waste liquid is subjected 
to sterilization action using means such as heating, 
ultraviolet ray or drug in the waste liquid vessel 
113. 


In this way, this system uses a disposable 
cartridge 100 which is exchanged for each mea- 
surement of one sample, thus it can be simplified, 
resulting in a small-sized, lower cost sample mea- 
5 suring system. Owing to disposability, the micro- 
pump or sensitive element is not required to have a 
great durability, and the cartridge can be supplied 
at a lower cost. 

10 <Third Embodiment 

Fig. 16 shows a construction of a measuring 
system according to a further embodiment. In the 
figure, a reference numeral 150 is a frame, and 151 

15 is a holder, A cartridge 100 is mounted in the 
holder 151, and is exchanged for each measure- 
ment of one sample. The cartridge 100 has sub- 
stantially the same structure as previously de- 
scribed, with the exception that a condenser lens 

20 120 is formed on the upper face thereof. The 
condenser lens 120 may be a spherical lens, a 
Fresnel lens, or a zone plate. A reference numeral 
152 is a light source such as a semiconductor laser 
or a lamp. 153 is a lens for converting the light 

25 from the light source 152 into parallel light flux, 154 
is a half mirror. 155 is a condenser lens, and 156 is 
a light receiving element. 

In this construction, the light emitted from the 
light source 152 is converted into parallel light by 

30 the lens 153. This light transmits through the half 
mirror 154 to reach the condenser lens 120 of the 
cartridge 100. The parallel light is condensed onto 
a flow path 121 by the condenser lens 120. The 
condensed light illuminates a sample in the flow 

35 path. Herein, among the scattered or fluorescent 
light radiating in all directions from the sample by 
the illumination, a component condensed again by 
the condenser lens 120 into parallel light and re- 
flected at the half mirror 154 is condensed by a 

40 lens 155, and is photoelectrical^ converted by a 
light receiving element 156 to obtain measured 
data. Before the light receiving element 156, a 
wavelength filter (not shown) is disposed to extract 
only the fluorescent or scattered light component of 

45 the object. Instead of the half mirror 154, a dichroic 
mirror having a characteristic of transmitting the 
illuminating light wavelength and reflecting the in- 
tended fluorescent wavelength may be replaced. 
The features of this embodiment will be de- 

50 scribed below. In the practical use of the system of 
this embodiment, the mechanical precision in. the 
mounting position for mounting a cartridge to the 
holder 151 typically falls within a range from about 
several tens ixm to several hundreds urn in a 

55 horizontal direction. Then, there is a possibility of 
yielding a relative misalignment between an optical 
axis of the light flux emitted from the light source 
152 and a central axis of flow path 121 for the 
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cartridge mounted on the holder by an amount 
corresponding to a mechanical precision as above 
mentioned. At this time, if the illuminating light is 
not parallel, the condensed position of illuminating 
light may change in accordance with a relative 
misalignment location between the cartridge and 
the illuminating light, as shown in Fig. 17B. Assum- 
ing the width of the flow path 121 for the cartridge 
to be 10 um, for example, the condensed position 
may possibly be located out of the flow path 121 in 
some cases, so that the change in condensed 
position will exert a great influence on the mea- 
surement precision. 

On the contrary, this embodiment is character- 
ized in that the light incident upon the cartridge is a 
parallel light, so that this light is condensed to a 
central position of the flow path 121 by the con- 
denser lens 120. Thus, the illuminating light is 
always condensed to a fixed position of the flow 
path 121, as shown in Fig. 17A, without influence of 
the precision in the mounting position of the car- 
tridge. 

Fig. 18 shows a construction of a measuring 
system which is a variation of Fig. 16. This is 
similar to the system of Fig. 16, except for the 
provision of a light receiving system in which more 
detailed measuring data can be obtained. Same 
reference numerals in Fig. 18 indicate the same 
members as in Fig. 16, and the explanation for the 
same members is omitted. In Fig. 18, a reference 
numeral 160 is a spectroscopic element such as a 
grating or prism, 161 is a lens, and 162 is an array- 
type light receiving element for receiving individ- 
ually wavelength components of the light separated 
into spectra. When light is condensed to a sample 
of the cartridge, like in the previous embodiment, 
the fluorescent or scattered light is emitted from 
the sample. Among components of such light, a 
component condensed again by the condenser 
lens 120 into parallel light and reflected from the 
half mirror 154 is separated into spectra by a 
spectroscopic element 160, which are individually 
detected via a lens 161 by the light receiving 
element 162 for each wavelength component. 
Based on the data thus obtained, more detailed 
analysis is allowed. 

Fig. 19 is a view showing a construction of a 
measuring system which is a variation of Fig. 18. 
This embodiment is characterized in that the car- 
tridge itself has a condensing feature and a spec- 
troscopic feature. In Fig. 19, a reference numeral 

170 is a light source for emitting the illuminating 
light, including a light emitting element and lenses. 

171 is a reflecting mirror for directing the illuminat- 
ing light from the light source 170 toward a mea- 
suring position of the cartridge 100 mounted in the 
holder 151. An illumination system composed of 
the light source 170 and the mirror 171 is accom- 


modated beneath the frame 150. A light receiving 
system 162 composed of the lens 161 and the 
array-type light receiving element 162 is provided 
above the frame 150. On the other hand, the car- 

5 tridge 100 is provided with a refractive index dis- 
tribution type lens 175 and a spectroscopic ele- 
ment 176 such as a grating or prism thereon. A 
pair of the lens 175 and the spectroscopic element 
176 may be replaced with a zone plate having both 

10 the condensing feature and the spectroscopic fea- 
ture. 

In this construction, light is directed to a sam- 
ple of the cartridge mounted from beneath thereof. 
The fluorescent light emitted therefrom is con- 

75 densed by the refractive index distribution type 
lens 175 into parallel light, and is separated into 
spectra by the spectroscopic element 176. This 
light is received for each wavelength component by 
the arraytype light receiving element 162 provided 

20 at upward of the cartridge 1 00. 

Claims 

1. A sample measuring device comprising: 

25 an injection port for injecting a sample; 

a flow passage portion through which said 
injected sample flows and including a measur- 
ing position located halfway thereof; and 

a micro-pump for feeding the sample with- 
30 in said flow passage portion and provided at 

downstream of said measuring position of the 
flow passage portion. 

2. A sample measuring device according to claim 
35 1, wherein said micro-pump has a heat gen- 
erating element provided at said flow passage 
portion. 

3. A sample measuring device according to claim 
40 1 , wherein a sensitive element is provided near 

said measuring position. 

4. A sample measuring device according to claim 
3, wherein a plurality of said sensitive ele- 

45 ments are provided along a flowing direction in 

the flow passage portion. 

5. A sample measuring device according to claim 
3, wherein said sensitive element comprises a 

so light receiving element, and an optical filter is 

provided before said light receiving element. 

6. A sample measuring device according to claim 
1 , wherein an optical functional element having 

55 a light condensing action is formed near said 

measuring position. 
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7. A sample measuring device according to claim 
6, wherein said optical functional element has 
an action of condensing parallel light flux in- 
cident from outside to the measuring position 
in the flow passage portion. 

8. A sample measuring device according to claim 
1 , further comprising an accumulation portion 
for accumulating said injected sample, wherein 
a reagent is enclosed in said accumulation 
portion. 

9. A sample measuring device according to claim 
8, wherein said reagent contains a biological 
material. 

10. A sample measuring device according to claim 
1, further comprising an introduction port for 
introducing a sheath fluid along with said sam- 
ple, wherein a sheath flow is formed in said 
flow passage portion. 

11. A sample measuring device according to claim 
1, wherein a plurality of said flow passage 
portions are formed in parallel as an array. 

12. A sample measuring device according to claim 
1, wherein said device is produced in a pro- 
cess including a semiconductor producing pro- 
cess. 


16. A sample measuring system according to 
claim 15, wherein said measuring means has 
optical energy. 

s 17. A sample measuring system according to 
claim 16, wherein said measuring means com- 
prises a spectroscopic element and a light 
receiving element. 

10 18. A sample measuring system according to 
claim 16, wherein a light receiving element for 
receiving light emitted from said measuring 
position is provided inside the cartridge. 

75 19. A sample measuring system according to 
claim 16, wherein a light receiving element for 
receiving light emitted from said measuring 
position is provided outside the cartridge. 

20 20. A sample measuring system according to 
claim 16, further comprising means for provid- 
ing parallel light flux for measurement to said 
cartridge, wherein said cartridge is provided 
with an optical functional element for condens- 

25 ing said parallel light to said measuring posi- 

tion. 


30 


13. A sample measuring device according to claim 
12, wherein said semiconductor producing pro- 
cess includes a step of forming a pattern on a 
substrate by a process including lithography, 35 
and a step of bonding said substrate with 
another substrate. 


14. A sample measuring system comprising: 

a holding mechanism for holding a car- aq 
tridge for measurement of a sample; and 

measuring means for measuring the sam- 
ple in saidxartridge; 

wherein said cartridge comprises: 

an injection port for injecting said sample; 45 

a flow passage portion through which said 
injected sample flows and including a measur- 
ing position located halfway thereof; and 

a micro-pump for feeding the sample with- 
in said flow passage portion and provided at 50 
downstream of said measuring position of the 
flow passage portion. 

15. A sample measuring system according to 
claim 14, wherein said measuring means in- 55 
eludes means for providing a measuring en- 
ergy to said measuring position. 
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